An immunohistochemical technique using a monoclonal antibody was evaluated as a diagnostic tool to specifically label Tritrichomonas foetus in formalin-fixed, paraffin-embedded sections of placenta and fetal lung from bovine abortions. Trichomonads were demonstrated in tissues from each of 12 abortions due to T. foetus and none of 15 abortions due to other or unidentified causes. Moderate to marked background staining occurred only in severely autolyzed tissues from T. foetus-infected fetuses. The antibody faintly labeled 1 of 3 other species of trichomonads (Trichomonas gallinae) but did not label other protozoa, bacteria, or fungi tested.
Trichomoniasis, caused by the flagellated protozoan
Tritrichomonas foetus, is a venereally transmitted infection in cattle that produces infertility, pyometra, and occasional early-to-late term abortion. The infection is maintained in the preputial cavity of the bull and transmitted to the cow at coitus where it can produce vaginitis, cervicitis, and endometritis. Infection of the cow usually results in early embryonic death, followed by recovery, and transient immunity to reinfection. Some cows, however, carry the infection until abortion terminates the pregnancy in mid or late gestation 7, 8 and a few animals give birth to normal calves and can carry the infection into the next breeding season. 8 Laboratory diagnosis of T. foetus-induced abortion is routinely made by microscopic demonstration of trichomonads in fresh placental fluids, uterine exudate, fetal abomasal contents, or in cultures inoculated with these specimens. 2 In addition, T. foetus produces characteristic placental and fetal lesions including pleocellular placentitis and pyogranulomatous pneumonia often with multinucleated giant cells. 7 Trichomonads are often discernable in hematoxylin and eosin (HE)-stained sections of infected fetal lung and placenta, and special stains are helpful in differentiating the organisms from leukocytes. 6, 7 The organisms cannot be reliably identified using these stains, however, if present in low numbers or in exudate or necrotic tissue. For this reason, other techniques have been used to demonstrate T. foetus in paraffin sections.
Organisms have been identified in bovine placenta using an immunofluorescent assay employing monoclonal antibodies specific for T. foetus, 4 and an immunohistochemical technique utilizing polyclonal antibody has been used to demonstrate T. foetus in experimentally produced lesions in mice. 5 Immunohistochemical techniques have the advantages of not requiring a fluorescent microscope, producing semipermanent slide preparations, and allowing concurrent visualization of the antigen and assessment of lesion morphology.
The purpose of this study was to evaluate a labeled streptavidin-biotin immunohistochemical staining technique employing a monoclonal antibody to specifically label T. foetus organisms in formalin-fixed, paraffin-embedded tissue sections from field cases of bovine abortion.
Materials and methods
Tissues. Case material consisted of formalin-fixed tissues from selected bovine abortion cases initially examined at the Montana Veterinary Diagnostic Laboratory between January 1984 and March 1991. Specimens of fetal lung and/or placental tissues from 12 bovine abortions caused by naturally occurring T. foetus infection were examined. Also examined were tissues from 15 cases of bovine abortion in which no T. foetus were detected. Causative agents of 4 of these cases included infectious bovine rhinotracheitis (IBR) virus, Campylobacterfetus venerealis, Corynebacterium sp., and mycotic placentitis and 11 cases in which no cause of abortion was identified. Gestational ages varied from 3 mo to near-term. The diagnosis of trichomoniasis was made at the time of laboratory submission by dark-field demonstration of the protozoan in fetal abomasal contents, placental fluid, or uterine exudate or by growth of the organism in modified Diamond's medium. 2 Other abortion diagnoses were based on microscopic lesions, bacteriologic culture, and fluorescent antibody examination for IBR and leptospirae. In addition to specimens from abortion cases, formalin-fixed tissues containing Toxoplasma gondii, Sarcocystis sp., rumen ciliates, Trichomonas gallinae, and Tritrichomonas mobilensis, and sections of agar containing formalin-fixed Trichomonas vaginalis were examined.
Immunoperoxidase procedure. Immunohistochemical staining was done using a commercially available labeled streptavidin-biotin system. c Four-micrometer paraffin sections were mounted on positively charged slides, a deparaffinized, hydrated to buffer b (pH 7.5), treated with 3% H 2 O 2 for 5 min to quench endogenous peroxidase, blocked for 5 min at 37 C with nonimmune goat serum, c and incubated with a monoclonal antibody (34.7C4.4) 3 to T. foetus. The antibody was diluted 1:500 with tris buffer before incubation for 30 min at 37 C. After 3 rinses in buffer, b sections were incubated with biotinylated goat anti-mouse and anti-rabbit Ig c for 30 min at 37 C. Following 3 additional rinses in buffer, b peroxidase-labeled streptavidin c was applied for 30 min at 37 C. Sections were then rinsed, and the enzyme activity was detected with 3% 3-amino-9-ethylcarbazole (AEC) in N,N dimethylformamide. c Sections were counterstained with Gill II hematoxylin d for 3 min, rinsed with water, and blued in buffer b for 1 min. Coverslips were mounted with an aqueous mounting media. c Nonimmunized rabbit Ig c was substituted for primary antibody as a negative control. A commercially available capillary gap system e was used for immunohistochemical staining.
On microscopic examination, the degree of background staining was evaluated, and intensity of staining of trichomonads was judged as mild, moderate, or marked (1 + to 3+).
Results
The monoclonal antibody labeled T. foetus organisms in fetal and placental tissues. Staining of the trichomonads varied from no staining to very strong staining (3+), often within a single cluster of organisms. Staining was diffusely distributed over each trichomonad, except for flagellae and undulating membranes that were not labeled. Organisms in some archival paraffin blocks over 2 years old stained less intensely (1 +) than more recent cases; however, numerous trichomonads in tissues in formalin for over 6 years stained 3+. Severely autolyzed T. foetus-infected tissues, especially placenta, had moderate to marked background staining. Otherwise, background staining in all specimens was negative or faint.
T.
Sections of placenta from 8 cases of abortion due to foetus and 5 cases due to other or unknown causes were examined. In all of the T. foetus-infected placentas, few to numerous trichomonads were located in the chorionic stroma. The organisms were randomly scattered in the stroma (Fig. 1) with marked, focal accumulations often located immediately subjacent to the epithelium. In 3 of these cases, the stain also labeled many organisms present in necrotic exudate adherent to the villi (Fig. 2) . Rare organisms were directly adherent to or located within the trophoblast layer. On HE-stained sections, trichomonads were discernable in the chorionic stroma of all 8 cases but rarely in the adherent exudate.
Lung sections from 6 T. foetus -infected fetuses and from 13 fetuses aborted due to other or unknown causes were examined. Labeled organisms were identified in 4 of the lung specimens from T. foetus -infected fetuses. Free and phagocytized trichomonads were present in bronchi, bronchioles, and alveoli. One or multiple phagocytized organisms were present in the cytoplasm of some macrophages and giant cells. Phagocytized T. foetus in macrophages often stained 3+, and in some cases, macrophages and giant cells in lung sections with abundant organisms had diffuse granular cytoplasmic staining (Fig. 3) . A few trichomonads were adherent to ciliated bronchial epithelium. In 1 case, rare organisms were present in interlobular septa. In embryonal lung, organisms were located in airways or occasionally subjacent to epithelium lining airways. On HE-stained sections, organisms were identified in only 2 of the T. foetus -infected lungs.
Trichomonas gallinae in avian tissues did not stain or were faintly labeled; however, occasional macrophages in the associated lesions stained 2+. Other protozoa, bacteria, and fungal hyphae did not stain. Positive staining was not detected in tissues from abortions due to IBR, C. fetus venerealis, Corynebacterium sp., mycotic placentitis, or abortion of unknown etiology.
in expression of the epitope defined by 34.7C4.4, differences in expression of the antigen bearing the epitope, or masking of surface antigens by host antibody among the parasite populations. Some isolates of T. vaginalis have the capability of undergoing phenotypic variation with respect to specific surface markers, 1 and it is unclear whether a similar situation exists with the antigen detected by 34.7C4.4 in T. foetus. The strong staining intensity of organisms in macrophages and the diffuse cytoplasmic staining in pulmonary giant cells suggest in vivo enzymatic digestion may increase epitope presentation to the monoclonal antibody. The antigen also may be resistant to total degradation by lysosomal enzymes in phagocytes. The trichomonads in interlobular septa of one lung indicates fetal tissue invasion by the organism. Whether or not the invasion was an antemortem event is undetermined.
This immunohistochemical technique using a monoclonal antibody provides a method for positive identification of T. foetus organisms in formalin-fixed tissues. The labeled organisms are easily differentiated from surrounding leukocytes, stromal cells, or necrotic debris. The technique is useful as an adjunct to culture in bovine abortion cases or as an alternative when inadequate specimens are available for culture. Its use as a research tool should provide valuable information in pathogenesis studies of this disease. lock Branch, Turlock, CA) for providing the T. gallinae specimens used in this study. We also thank Tom Glasson for the development of the photomicrographs and Brenda Burleson for preparation of the manuscript. weakly cross-reacted with one other species of trichomonad and did not label tissues from abortions due The use of a particular manufacturer's product does not constitute an endorsement on behalf of the USDA. to other staining or unidentified causes. Marked background of severely autolyzed T. foetus -infected tissues made positive identification of organisms difficult in these cases. Otherwise, background staining was not a problem.
Sources and manufacturers
The variability in the intensity of staining of organisms was similar to the previous fluorescent antibody results with several geographically different isolates of T foetus. 3, 4 This variability may be due to differences .
